WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
C07D 213/64 



Al 



(11) International Publication Number: WO 96/39388 

(43) International Publication Date: 12 December 1996 (12.12.96) 



(21) International Application Number: PCI7IB95/00437 

(22) International Filing Date: 6 June 1995 (06.06.95) 



(71) Applicant (for all designated States except US): PFIZER INC. 

[US/US]; 235 East 42nd Street, New York. NY 10017 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CHEN, Yuhpyng, L. 
[US/US]; 8 Waterview Drive, Waterford, CT 06385 (US). 
RUGGERI, Sally, Gut [US/US]; 53 Twin Lakes Drive, 
Waterford, CT 06385 (US). 

(74) Agents: SPIEGEL, Allen, J. et al.; Pfizer Inc., 235 East 42nd 
Street, New York, NY 10017 (US). 



(81) Designated States: AU, BR, CA, CN, CZ, FI, HU, JP, KR, 
MX, NO, NZ, PL, RU, US, European patent (AT, BE. CH, 
DE, DK. ES, FR, GB, GR, IE, IT, LU, MC, NL, PT. SE), 



Published 

With international search report. 



(54) Title: PROCESS FOR CONVERTING 2,4-DICHLOROPYRIDINES INTO 2-ARYLOXY-4-CHLOROPYRIDINES 
(57) Abstract 

This invention relates to a process for converting 2,4-dichloropyri dines into 2-aryloxy- 
4-chloropyridines, comprising reacting a compound of formula (I), wherein R 1 is (Ci- 
C4)alkyl; R 2 is methyl or ethyl; and R 3 , R 4 and R 5 are selected, independendy, from 
(O-GOalkyl and (Ci-CU)alkoxy; or a pharmaceutically acceptable salt thereof; comprising 
reacting a compound of formula (II), wherein R 1 and R 2 are defined as above, with a 
compound of formula (III), wherein R 3 , R 4 and R 5 are defined as above, in the presence 
of a base that is capable of deprotonating the compound of formula (TJI), optionally m the 
presence of an organometallic halide or oxide and a suitable solvent, and then optionally 
converting the resulting compound of formula (I) into a pharmaceutically acceptable salt of 
such compound. 
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PROCESS FOR CONVERTING 2,4-DICHLOROPYRIDINES 
INTO 2-ARYLOXY^CHLOROPYRlDINES 
Background of the Invention 



This invention relates to a process for converting 2,4-dichloropyridines into 2- 
aryloxy-4-chloropyridines. This process can be used to prepare S.&cli-fCj-CJalkyl^- 

1 0 chloro-2-(2,4 l 6-trisubstitutedphenoxy)pyridines l which are Intermediates in the synthesis 
of pharmaceutical^ active 2-phenoxy-pyridine derivatives that exhibit activity as 
corticotropin releasing factor (CRF) antagonists and are useful in the treatment of 
several neurological disorders. Such pharmaceutical^ active compounds, methods of 
preparing them and the neurological disorders that they are useful in treating are 

15 described in copending United States Patent Application 08/255,514, which was filed 
on June 8, 1994. This patent application is incorporated herein by reference in its 
entirety. 



20 



Summary of the Invention 
This invention relates to a process for preparing a compound of the formula 

CI 



25 




30 



35 



wherein R 1 is (C^C^alkyl; 
R 2 is methyl or ethyl; and 

R\ R 4 and R 5 are selected, independently, from (^-CJalkyl and (C 1 -C 4 )alkoxy; 
or a pharmaceutical^ acceptable salt thereof; 
comprising reacting a compound of the formula 
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Cl 



5 




wherein R 1 and R 2 are defined as above, with a compound of the formula 

OH R 3 




10 



R 5 



wherein R 3 , R 4 and R 5 are defined as above, in the presence of a base that is capable 
15 of deprotonating the compound of formula III, optionally in the presence of an 
organometallic halide or oxide and a suitable solvent, and then optionally converting 
the resulting compound of formula I into a pharmaceutical^ acceptable salt of such 
compound. 



20 potassium carbonate, cesium carbonate, ammonium hydroxide, n-butylHthium and 
lithium, sodium or potassium (C r C 4 ) alkoxide. Examples of suitable organometallic 
halides and oxides are copper (I) bromide, iodide or chloride, copper (II) oxide, copper 
(I) oxide, copper metal and trialkyitinchloride. Examples of suitable solvents are 
tetrahydrofuran (THF), dimethylsutfoxide (DMSO), acetonitrile, methylene chloride 

25 (CH 2 CI 2 ), 1-methyl-2-pyrrolidinone, pyridine, quinoline, N,N-dialkylacetamide, 2,4,6- 
trimethylpyridine, N,N-dialkylacetamide, N,N-dialkylformamide (e^ N,N- 
dimethytformamide), hexamethyl phosphoramide and toluene. The reaction 
temperature may range from about 0°C to about 180°C and is preferably between 
about room temperature and about 150°C. 

30 A preferred embodiment of this invention relates to the above process wherein 

the compound of formula I that is formed is a compound wherein all of R 1 , R 2 , R 3 R* 
and R* are methyl, the solvent is pyridine, the organometallic halide or oxide is copper 
(I) iodid and the bas is p tassium t-butoxid . 



Suitable bases for this reaction include sodium hydride, potassium hydride, 
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Another embodiment of this invention relates t the above depicted r action of 
a compound of the formula II with a compound of the formula III, wherein the solvent 
is selected from dimethylsulfoxide (DMSO), pyridine, 2,4,6-trimethylpyridine, quinoline, 
and mixtures of the foregoing solvents, the base is selected from potassium hydride, 
5 sodium hydride, sodium methoxide, potassium t-butoxide, and sodium t-butoxide, and 
the organometallic halide or oxide is selected from cuprous bromide, cuprous chloride 
and cuprous iodide. 

Other embodiments of this invention relates to the above depicted reaction of 
a compound of the formula II with a compound of the formula III, wherein: 
10 (a) the solvent is pyridine, DMSO or a mixture of pyridine and DMSO; or 

(b) the base is sodium hydride or potassium t-butoxide; or 

(c) the organometallic halide or oxide is cuprous iodide, cuprous bromide 
or cuprous chloride; 

(d) the solvent Is pyridine, R 1 and R 2 in the compound of formula II are both 
15 methyl and R 3 , R 4 and R 5 in the compound of formula III are all methyl; 

(e) the solvent is pyridine, R 1 through R 5 in formulae II and III are ail methyl 
and the base is potassium t-butoxide; or 

(f) the solvent is pyridine, R 1 through R 9 in formulae II and III are all methyl, 
and the organometallic halide or oxide is cuprous iodide, cuprous bromide or cuprous 

20 chloride. 

Detailed Description of this Invention 
Compounds of the formula I are useful as intermediates in the synthesis of 2- 
phenoxy-pyridine derivatives that are corticotropin releasing factor (CRF) antagonists 
and are useful in the treatment of disorders for which treatment can be effected or 

25 facilitated by antagonizing CRF. Examples of such disorders are those selected from 
inflammatory disorders such as rheumatoid arthritis and osteoarthritis, pain, asthma, 
psoriasis and allergies; generalized anxiety disorder; panic; phobias; obsessive- 
compulsive disorder; post-traumatic stress disorder; sleep disorders induced by stress; 
pain perception such as fibromyalgia; mood disorders such as depression, including 

30 major depression, single episode depression, recurrent depression, child abuse 
induced depression, and postpartum depression; dysthemia; bipolar disorders; 
cyclothymia; fatigue syndrome; stress-induced headache; cancer; irritable bowel 
syndrome, Crohn's dis as ; spastic colon; human immunodeficiency virus (HIV) 
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infections; neurodegenerativ diseases such as Alzheimer's diseas , Parkins n's 
disease and Huntington's disease; gastrointestinal diseases; eating disorders such as 
anorexia and bulimia nervosa; hemorrhagic stress; chemical dependencies and 
addictions (e.g. , dependencies on alcohol, cocaine, heroin, benzodiazepines, or other 

5 drugs); drug and alcohol withdrawal symptoms; stress-induced psychotic episodes; 
euthyroid sick syndrome; syndrome of inappropriate antidiarrhetic hormone (ADH); 
obesity; infertility; head traumas; spinal cord trauma; ischemic neuronal damage (e.g.. 
cerebral ischemia such as cerebral hippocampal ischemia); excitotoxic neuronal 
damage; epilepsy; stroke; immune dysfunctions including stress induced immune 

1 0 dysfunctions (e.g.. porcine stress syndrome, bovine shipping fever, equine paroxysmal 
fibrillation, and dysfunctions induced by confinement in chickens, sheering stress in 
sheep or human-animal interaction related stress in dogs); muscular spasms; urinary 
incontinence; senile dementia of the Alzheimer's type; multiinfarct dementia; 
amyotrophic lateral sclerosis; and hypoglycemia in mammals, including humans. 

15 The pharmaceutical ly active CRF antagonists that can be prepared using the 

intermediates of formula I that are produced by the processes of this invention are 
depicted below. 



20 



B 



R 



1 




25 



In these compounds, B is -NRW, -NHCHFPR 7 , -OCHR fl R 7 or -SCHR a R 7 ; 
R 1 through R 5 are defined as above; 

R° is C r C 6 alkyl which may optionally be substituted with one or two 
30 substituents R 8 independently selected from the group consisting of hydroxy, fluoro, 
chloro, bromo, iodo, CF 3 and C,-C 4 alkoxy, and wherein said C r C Q alkyl and the (C,- 
CJalkyl moiety of said C,-C 4 alkoxy may optionally contain one carbon-carbon double 
or triple bond; and 
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R 7 is C,-C 12 alkyl, aryl or -(C,-C 4 alkylen )aryl wherein said aryl Is phenyl, 
naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl ( furanyl, 
benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyi, benzisoxazolyl, 
benzimidazolyl, indolyl, or benzoxazolyl; 3- to 8-membered cycloalkyl or -(C r C fl 
5 alkylene)cycloalkyl, wherein one or two of the ring carbons of said cycloalkyl having at 
least 4 ring members and the cycloalkyl moiety of said -(C r C 6 alkylene)cycloa]kyl 
having at least 4 ring members may optionally be replaced by an oxygen or sulfur atom 
or by N-R 9 wherein R 9 is hydrogen or C,-C 4 alkyl; and wherein each of the foregoing 
R 7 groups may optionally be substituted with from one to three substituents 

10 independently selected from chloro, fluoro and 0,-0* alkyl, or with one substrtuent 
selected from bromo, iodo f C^C t alkoxy, -0-CO-(C r C fl alkyl), -0*C0-N(C,*C 4 alkyl)(C r 
C 2 alkyl), -S(C,-C 6 alkyl), CN, N0 2 , -SO(C,-C 4 alkyl), and -S0 2 (C,-C 4 alkyl), and wherein 
said C,-C Y2 alkyl and the C,-^ alkylene moiety of said *(C Y *C 4 alkylene)aryl may 
optionally contain one carbon-carbon double or triple bond; 

15 or -NR 6 R 7 may form a saturated 5- to 8-membered carbo cyclic ring which may 

optionally contain one or two carbon-carbon double bonds and in which one or two of 
the ring carbons may optionally be replaced by an oxygen or sulfur atom. 

The pharmaceutical^ active compounds depicted above are described in 
copending United States Patent Application 08/255,514, which was filed on June 8, 

20 1994 and which is incorporated herein by reference In its entirety. Methods of 
preparing such compounds and their pharmaceutical^ acceptable salts (hereinafter 
collectively referred to as *the active agents") are also set forth in that application. 

The active agents can be administered alone or in combination with 
pharmaceutical^ acceptable carriers, in either single or multiple doses. Suitable 

25 pharmaceutical carriers include inert solid diluents or fillers, sterile aqueous solutions 
and various organic solvents. The pharmaceutical compositions formed by combining 
compounds of the formula I and pharmaceutical^ acceptable carriers can be readily 
administered in a variety of dosage forms such as tablets, powders, lozenges, syrups, 
injectable solutions and the like. These pharmaceutical compositions can, if desired, 

30 contain additional ingredients such as flavorings, binders, excipients and the like. Thus, 
for purposes of oral administration, tablets containing various excipients such as 
sodium citrate, calcium carbonate and calcium phosphate may be employed along with 
various disintegrants such as starch, methylcellulos , alginic acid and c rtain complex 
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silicates, together with binding agents such as p lyvinylpyrroiidon , sucrose, gelatin 
and acacia. Additionally, lubricating agents such as magnesium stearate, sodium lauryl 
sulfate and talc are often useful for tabletting purposes. Solid compositions of a similar 
type may also be employed as fillers In soft and hard filled gelatin capsules. Preferred 
5 materials for this include lactose or milk sugar and high molecular weight polyethylene 
glycols. When aqueous suspensions or elixirs are desired for oral administration, the 
essential active ingredient therein may be combined with various sweetening or 
flavoring agents, coloring matter or dyes and, If desired, emulsifying or suspending 
agents, together with diluents such as water, ethanol, propylene glycol, glycerin and 

10 combinations thereof . 

For parenteral administration, solutions containing an active agent in sesame or 
peanut oil, aqueous propylene glycol or a sterile aqueous solution may be employed. 
Such aqueous solutions should be suitably buffered if necessary and the liquid diluent 
first rendered isotonic with sufficient saline or glucose. These particular aqueous 

15 solutions are especially suitable for intravenous, intramuscular, subcutaneous and 
intraperitoneal administration. The sterile aqueous media employed are all readily 
available by standard techniques known to those skilled in the art. 

The effective dosages for the active agents will depend on the intended route 
of administration and factors such as the age, weight and condition of the patient, as 

20 generally known to a physician. The dosage will also depend on the particular illness 
to be treated. The daily dosage for stress-induced illnesses, inflammatory disorders, 
Alzheimer's disease, gastrointestinal diseases, anorexia nervosa, hemorrhagic stress 
and drug and alcohol withdrawal symptoms will generally range from about 0.1 to about 
50 mg/kg body weight of the patient to be treated. 

25 The following experimental example illustrates the novel process of this invention 

but does not limit its scope. 

EXAMPLE 1 

4»Chloro-3.&-dimethvl-2-f2.4.6-trimethvlphenoxv^Dvridlne 
To a 2 liter flask equipped with a mechanical stirrer, a reflux condenser and a 
30 nitrogen inlet was charged 250 ml of pyridine. The flask was cooled in an ice bath and 
charged with 42.5 g (0.312 mmol) of 2,4,6-trimethylphenol and 35.1 g (0.313 mol) of 
potassium t-butoxlde. The flask was warmed to room temperature and charged with 
50.0 g (0.284 m I) f2 t 4-dichl ro-3,6-dimethylpyridin and 13.5 g (0.071 mol) f copper 
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(I) iodide. The reaction mixture was heated to reflux for two h urs and then cooled to 
0°C. The reaction was diluted with 500 ml of hexanes, then mixed with 1000 ml of 
saturated ammonium chloride (NH 4 CI). After warming to room temperature, the mixture 
was stirred overnight. The layers were separated and the organic layer was washed 
5 with 3 x 125 ml of 1M ammonium hydroxide (NH 4 0H), 2 x 250 ml of 3N sodium 
hydroxide (NaOH), 1 x 250 ml of 1N hydrochloric acid (HCI) and 1 x 250 ml of water. 
After drying over sodium sulfate (NajSOJ, the solids were removed by filtration and 
washed with hexane. The filtrate was concentrated under vacuum to a brown oil. The 
residue was mixed with 250 ml methanol and stirred overnight. The resulting slurry was 

10 filtered under vacuum. The off-white solids were washed with methanol then dried to 
obtain 31.6 g (40.4%) of the title compound. 

'H NMR (CDCI 3 ): 6.88 (s, 2H), 6.78 (s, 1H), 2.40 (s, 3H), 2.30 (s. 3H), 2.20 (s, 
3H), 2.04 (s, 6H) ppm. 

The filtrate was concentrated under vacuum to an oil and the residue was mixed 

1 5 with 50 ml of methanol. After stirring overnight, the resulting slurry was cooled to 0° C 
and filtered under vacuum. The solids were washed with minimal methanol and dried 
to give an additional 16.1g (20.5%) of material. 
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CLA1MS 

1 . A process for preparing a compound of the formula 
CI 




wherein R 1 is (C,-C 4 )alkyl; 
R 2 is methyl or ethyl; and 

R 3 , R 4 and R 6 are selected, independently, from (C^-CJalkyl and (C,-C 4 )alkoxy; 
or a pharmaceutical^ acceptable salt thereof; 
comprising reacting a compound of the formula 



CI 




wherein R 1 and R 2 are defined as above, with a compound of the formula 

OH R 3 




III 



wherein R 3 , R 4 and R 5 are defined as above, in the presence of a base that is capable 
of deprotonating the comp und of formula III, optionally in th pr senc of an 
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organometallic halide r xid and a suitable solvent, and then optionally converting 
the resulting compound of formula I into a pharmaceutical^ acceptable salt of such 
compound. 

2. A process according to claim 1, wherein the base is selected from 
5 sodium hydride, potassium hydride, potassium carbonate, cesium carbonate, 

ammonium hydroxide, lithium (C r C 4 )aikoxide, sodium or potassium (C r C 4 ) alkoxide 
and n-butyllithium. 

3. A process according to claim 1 wherein the organometallic halide or 
oxide is selected from copper (II) oxide, copper (I) oxide, copper metal, 

10 trialkyttinchloride and copper (I) bromide, iodide or chloride. 

4. A process according to claim 1 wherein the solvent is selected from 
tetrahydrofuran, dimethylsulfoxide, acetonttrile, methylene chloride, 1-methy1-2- 
pyrrolidinone, pyridine, quinoline, N,N-dialkylacetamide v 2,4,6-trimethylpyridine, N,N- 
dialkylacetamide, N,N-dialkytformamide, hexamethyl phosphoramide, toluene and 

1 5 mixtures of the foregoing solvents. 

5. A process according to claim 1 which produces a compound of the 
formula I wherein all of R\ R 2 , R 3 , R* and R 5 are methyl. 

6. A process according to claim 1 wherein the solvent is pyridine, quinoline 
or 2,4,6-trimethylpyridine. 

20 7. A process according to claim 5 wherein the solvent is pyridine, quinoline 

or 2,4,6-trimethylpyridine. 

8. A process according to daim 1 wherein the base is potassium t-butoxide. 

9. A process according to claim 5, wherein the base is potassium t- 
butoxide. 

25 10. A process according to claim 1, wherein the organometallic halide or 

oxide is copper (I) halide. 

11. A process according to claim 5, wherein the organometallic halide or 
oxide is copper (I) halide. 

12. A process according to claim 5, wherein the solvent is pyridine, the 
30 organometallic halide or oxide is cuprous iodide and the base is potassium t-butoxide. 

13. A process according to claim 1 wherein the solvent is pyridine or DMSO 
or a mixture of pyridine and DMSO. 
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14. A process according t claim 1 wherein the bas is sodium hydrid r 
potassium t-butoxide. 

15. A process according to claim 9 wherein the solvent is pyridine. 

16. A process according to claim 15 wherein the organometallic halide or 
oxide is a copper (I) halide. 
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